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Abstract 
Besides selling tangible products, manufacturing companies have also started to compete by offering product-related services throughout the 
product lifecycle. In this context, the recent rise of cyber-physical systems (CPSs) and smart, connected equipment paves the way for additional 
opportunities for the service business among the lifecycle and pivots of traditional maintenance, repair and overhaul (MRO) service business. 
Based on 11 case studies, we investigate service innovations driven by digitalization and CPSs and their impact on the service ecosystem. We 
identify affordances that effectively exploit the new technological capabilities in existing and future service scenarios.  
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1. Introduction 
The manufacturing industry as a whole is subject to major 
paradigm shifts and faces new opportunities based on both a 
business and technical perspective. Traditionally, 
manufacturing organisations have sold tangible products. 
Besides selling products, those organisations also 
incrementally compete by offering product-related services 
throughout the product lifecycle. Over the last decade, these 
organizations have continuously increased their revenues 
coming from the service business and have started to expand 
their business by offering product-related services [1–4]. In  
particular, they offer maintenance, repair and overhaul (MRO) 
services as well as technical support for their products 
resulting in an increased importance of the service business 
for manufacturing organizations. In research, this trend is 
taken up as ‘servitization in  manufacturing’ [1,2,5,6]. Hence, 
industrial products and services have become more and more 
interlinked and combined to so-called industrial product-
service systems (IPSS) [7–10]. As the traditional goods-
dominant (G-D) paradigm exhibits some shortcomings with 
regard to explaining the exchange of value, a new service-
dominant (S-D) logic [9,11,12] has recently been well 
received among scholars to understand better the new 
business models in  the traditionally goods -driven industries. 
Although organizations in manufacturing struggle to drive 
servitizat ion [13], the service business is becoming more and 
more important, as it generates more steady revenue streams, 
compared to the rather cyclical product business . In addition, 
a market  pull for providing integrated full-service offerings 
and performance contracting instead of just selling spare parts 
and reactive maintenance can be observed. 
Industrial machinery  and industrial cap ital goods are 
traditionally composed of mechanical and electrical parts. 
Breakdowns of such industrial machinery are expensive, as 
they result in downtime. There is a loss of earnings and 
expensive and time-consuming repair work. However, a  
transformation is taking place: Due to increasingly pervasive 
digital technologies [14], both consumer and industrial 
products are equipped with sensors and connectivity. 
Particularly in an industrial context, where considerably 
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higher requirements in terms of reliability, equipment 
utilizat ion and capabilities that cut across and transcend 
traditional product boundaries exist [15], these new 
technological capabilities  can particu larly be harnessed to 
create new hybrid business models and transform the service 
business. For instance, condition monitoring, and preventive 
and predictive maintenance scenarios can be realized  to 
minimize product downtime. Manufacturers strive for 
leveraging the emerg ing technological capabilities of 
industrial CPSs to engineer better products, increase 
efficiency of their technical customer service processes for 
MRO and come up with new added-value services. However, 
case studies indicate that they struggle in systematically  
identifying and evaluating relevant service models. 
As competition in the service business increases, 
traditional field services in manufacturing are under pressure. 
With the increasing importance of the service business, those 
new technological capabilities are becoming more and more 
important. Hence, manufacturers strive particularly for service 
innovations and an increased service process efficiency 
enabled by CPSs. For service organizations, new 
opportunities emerge, as they are able to identify breakdowns 
and send technical customer service (TCS) to do predictive 
service or fix the problem to minimize downtime. 
Furthermore, it  becomes possible to increase the amount of 
remote service provisioning: Minor problems can be 
diagnosed or even fixed remotely. In short, digital innovation 
drives business models of various service stakeholders among 
the product lifecycle. To realize those scenarios, a tight 
integration between industrial products and service delivery is 
necessary. In this paper, we aim to provide clarity  in  this field  
by investigating the impact of CPSs on the service business 
and identifying service business models . Hence, this work 
addresses the following research question: 
 
What are the effects of cyber-physical systems on industrial 
field service and what are corresponding business models? 
 
To answer the research question, the remainder of this 
report is structured as follows. First, related literature is 
identified and relevant concepts are defined. Second, the 
research methodology is described. Third, results with regard  
to the research question are presented based on the findings 
from multip le case studies. Finally, this paper concludes with 
a crit ical discussion and an outlook on future research in this 
context. 
2. Background and related literature 
In the fo llowing, we present related literature in  the 
interdisciplinary field of research and relevant concepts for 
this contribution.  
Drawing on the S-D logic [9,11,12], service science [16] as 
an emerging field of research, so called Product-Service 
Systems (PSS) are introduced and conceptualized as a 
combination o f tangible products and services offering value 
to the customer beyond the sum of its parts [17]. Industrial 
Product-Service Systems (IPSS) add an industrial context to 
such product-service bundles [10]. It  is claimed that not only 
the service sector should focus on developing and offering 
innovative service offerings, but also traditional industries 
such as manufacturing. In this industrial context, the term 
servitizat ion was first coined by Vandermerve and Rada in 
1988 [6]. Lightfoot et al. [1] conceptualize servit ization in  
manufacturing as innovation of organizational capabilities and 
processes, from product sales to integrated product services.  
Parida et al. [18] recognize that with servit ization, d ifferent 
types of industrial services exist. In their empirical study 
based on multiple case studies, they identify bundled MRO 
services as the most valuable services in terms of revenue 
generation, while add-on services are often not profitable. The 
largest revenues are generated by simple service offerings or 
(traditional) static MRO act ivities and speculate that returns 
could decline from such services  [18,19]. Therefore, 
continuously monitoring products and analyzing operational 
product data might help to increase efficiencies of existing 
service processes and by creating new hybrid  business models 
based on smart, connected products [20]. W ith in itiatives such 
as Industry 4.0 [21–25] or the Industrial Internet [15], the 
term cyber-physical systems (CPSs) has gained attention in  
informat ion systems (IS), computer science (CS) and 
operations research. In the domain o f CS, primarily technical 
topics are addressed, such as security aspects or design and 
research challenges [26,27].  
Both IS and operations research focus on product and 
service business models [28–31], as well as the transformat ion 
[18] towards the effective use of the new technological 
capabilit ies. In  this interd isciplinary  triangle, the term cyber-
physical systems (CPSs) has emerged to describe the 
integration of computation and physical processes [26]. In his 
pivotal study, Lee [26] identifies technical requirements of 
CPSs and identifies them as being a cornerstone of the 20th 
century IT revolution. Dworschak et al. [32] identify technical 
as well as organizational competencies and critical success 
factors that are crucial for implementing CPSs in  
manufacturing. In IS literature, the concept of CPSs is 
likewise on the rise. CPSs can be defined as ‘systems with 
embedded software [...] which: 
 
x directly record physical data using sensors and affect 
physical processes using actuators; 
x evaluate and save recorded data, and actively or reactively 
interact both with the physical and digital world; 
x are connected with one another and in global networks via 
digital communication facilities (wireless and/or wired, 
local and/or global); 
x use globally available data and services; 
x have a series of dedicated, multimodal human-machine 
interfaces’ [33].  
 
Mikusz [10] shares this view. Based on a comprehensive 
literature review, he paves the way for further research in the 
field of CPSs by arguing that CPSs can be understood as 
industrial software-product-service systems (ISPS²). Hence, 
CPSs are a special kind  of s mart  IPSS fuelled by dig ital parts. 
In an industrial perspective, distinguishing between major 
phases in the product lifecycle of industrial equipment is a 
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common approach [34,35]. Table 1 provides an overview of 
commonly accepted lifecycle phases. 
Table 1. IPSS lifecycle phases and relevant stakeholders adapted from [34]. 
IPSS lifecycle 
phase 
Description Involved stakeholder 
groups 
Beginning of life 
(BOL) 
Conceptualization, 
definition and realization 
of product  
Manufacturer, supplier 
and co-innovation 
partner 
  
Mid of life (MOL) Use, service and 
maintenance 
Product operator(s) 
and service 
organization(s) 
  
End of life (EOL) Reuse of the product or 
individual components, 
refurbishing, disposal with 
or without incineration 
Manufacturer 
Although the largest revenue potential lies in the extensive 
operations phase of industrial products, existing CPSs 
research primarily focuses on the beginning of life (e.g. 
engineering and manufacturing of an industrial product) 
[28,36]. Hence, we are motivated to address the use and 
operations phase (MOL). Particularly for effect ive use and 
efficient service activit ies, cyber physical systems might 
unlock additional revenue potential and facilitate feedback 
loops [30].  
In recent IS literature, the phenomenon of equipping 
mechanical or electronic products with sensors and 
connectivity to generate operational product data is also 
referred to as ‘s mart  products’ [20,37]. According to Kiritsis 
[34], a  smart product contains sensing, memory, data 
processing, reasoning and communicat ion capabilities at  
various intelligence levels. Based on the captured condition of 
the product, the product itself, operator and the 
manufacturer’s service workforce can make decisions. 
3. Methodology 
In order to address the research question, we selected an 
explorative qualitative research design following the mult iple 
case study approach [38]. Therefore, case studies with 
manufacturers of industrial equipment, service organizations 
as well as equipment operators  were conducted. We applied a 
‘specified population’ to obtain an increased external valid ity 
and to obtain comprehensive insights on the different players 
in the industry. Following a mult iple case study approach 
results in an enhanced validity of results [38]. All case 
organizations are about to explo it CPSs for their service 
business based on sensors and connectivity in their products . 
Semi-structured expert interviews, with service and 
innovation managers were conducted as the main method for 
data collection. Furthermore , addit ional material provided by 
the case companies such as presentations or process 
documentations were analyzed for triangulation purposes and 
increased reliab ility. All interviews followed a structured 
interview protocol. A h igh level interview-guideline is 
provided in the appendix. Interview-based data collection and 
analysis was supplemented by analyzing corporate documents 
such as process documentations and strategic presentations.  
Table 2 provides an overview on the case studies .  
Table 2. Profile of case study participants. 
Class of 
organization 
Industries addressed in case studies Number of case 
organizations 
Equipment 
Manufacturers 
Elevators, Industrial Materials 
Handling 3 
Equipment 
Operator Services, Transportation 5 
Service 
Organization 
Facility Services, Airport Facility 
Management 3 
4. Impacts of CPSs on industrial services 
Based on case studies, we can identify affordances for the 
service business in the manufacturing industry. Seven 
affordances for the service business can be identified. Tab le 3 
provides an overview of the affordances. 
Table 3. CPSs affordances for the industrial service business  
Service Affordance Description 
Engineer better 
equipment by 
leveraging 
operational 
performance data 
Data from the industrial equipment of the current 
installed base can be used for engineering future 
version of the equipment. 
Optimization of 
equipment 
operations 
Operation of the equipment can be optimized based on 
historic operational data. Breakdowns can be 
prevented. Based on historic usage patterns, operations 
can be optimized. 
Control and 
manage equipment 
remotely 
Having the ability that CPSs can receive control 
information, dedicated functionality of the equipment 
can be controlled manually via remote service centers. 
A reset of CPSs can be conducted to eliminate faults 
remotely. 
Predict and trigger 
service activities 
Continuous data collection based on CPSs might be 
used to trigger and predict service activities. For 
example, routine maintenance activities can take place 
based on usage or wear and tear of the equipment. 
Efficiency increases are not only possible by 
conducting the service activities efficiently but also by 
scheduling them in an efficient yet effective way. 
Remote diagnostics 
and replace field 
service activities 
In many cases, maintenance or even repair can be 
accomplished remotely. Comprehensive service 
centers are set up and experienced staff diagnoses or 
solves problems remotely. Experienced service agents 
can be utilized more effectively, as travel is no longer 
necessary. Initial diagnosis is accomplished remotely.  
Empower and 
optimize field 
service 
Industrial CPSs can be used to optimize and enhance 
efficiency of existing service processes and 
particularly field service activities. Based on CPSs, 
field service activities can be performed faster and 
service quality could be increased. Field service 
technicians can be supported by remote experts to 
solve problems faster and more effectively. 
Information and 
data-driven 
services 
Data as well as insights obtained from CPSs can be 
used as an asset to realize unexpected information and 
data-driven service opportunities. For instance, in case 
that the manufacturer is the owner of the data, data can 
be sold to other stakeholders via standardized 
interfaces. This data can be leveraged for the service 
business. 
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Case study research shows that CPSs can be leveraged for 
the service business in various ways. First, the condition of 
equipment can be continuously monitored, resulting in  
visibility with regard to the current status of the equipment. 
Second, individual equipment functionality can be controlled  
manually from remote. Hence, individual services can be 
provisioned to the customer, and problems during operation 
can be solved. Third, following a more automated approach, 
equipment operations can be optimized based on sensor data 
and industry-specific algorithms. By also taking into account 
external sensors coming from other products, entire systems 
operations can be optimized comprehensively [20]. Fourth, 
field service activ ities, such as predictive and preemptive 
maintenance and repair, become reality. Equipment downtime 
is minimized resulting in increased customer satisfaction. 
Fifth, errors and fau lts can be diagnosed remotely. Based on 
the results of the diagnoses, field service staff can be sent out 
to fix the problem at the operator’s site. Sixth, field service 
technicians can be supported by CPSs data. Powerful mobile 
work support systems [39] such as wearable devices might 
provide service technicians valuable informat ion to increase 
service efficiency. Products can automatically order relevant 
spare parts to increase first time fix rate. Seventh, owners of 
the data can offer information and data-driven services to 
other stakeholders in the ecosystem. For instance, 
manufacturers that continuously collect data might sell this 
data to a third party service organization, whereby they can 
provide superior service to their customers.  
In sum, CPSs offer enormous potential to increase 
efficiency and drive service innovation in an industrial 
context. Case study results show that CPSs provide huge 
potential for the operations phase of industrial products.  
5. Impacts of CPSs on the service ecosystem 
Case study results indicate, furthermore , that the market 
environment is changing with the rise of cyber-physical 
systems. The technical architecture of CPSs can be identified  
as one of the biggest factors influencing the service 
ecosystem. Due to increased interdiscip linary  and complexity, 
more players are involved in  product and service offerings , 
and the market and the ecosystem are getting more complex 
[31]. The fo llowing three distinct stakeholder groups could be 
identified: product manufacturers, product operators and 
service organizations. Digitalization of industrial products has 
impacts on all three stakeholder g roups and, therefore, 
impacts the complete ecosystem.  
5.1. Impact on industrial product manufacturers 
Product manufacturers are trad itionally responsible for the 
first phase in the product lifecycle – Beginning of Life (BOL), 
conceptualizat ion, definition and realizat ion of equipment 
[34]. In the tradit ional sales and service business , the products 
are sold to the product operator as a customer of the industrial 
product manufacturer. The operator becomes the owner and is 
fully responsible for the product. As industrial products are 
becoming equipped with sensors and connectivity, 
manufacturers might still collect data from the equipment that 
is already sold in the field  to firstly provide MRO service and, 
secondly, use the data to engineer better equipment in the 
future. As traditional products become CPSs, IT and collected 
data are becoming an integral part of the product. The term 
product cloud [20] describes the place where operational data 
of all connected products is stored and analyzed. Depending 
on the industry, different scenarios exist regard ing which  
stakeholder group is running such a product cloud and thus 
has access to collected data. 
Depending on the ecosystem circumstances, equipment 
manufacturers must furthermore decide on an adequate IT 
architecture enabling their s mart products and CPSs. 
Basically, two approaches are possible: a closed system and 
an open system approach [20]. Th is could be confirmed by 
case study results. 
By following a closed system approach the whole system 
including sensors, connectivity, analytical capabilities as well 
as interfaces for accessing the data are proprietary. The best 
preconditions are set in case of a dominating market position 
of the manufacturing organization. With the right 
preconditions and effective implementation strategy (closed 
approach requires higher initial investment), closed CPSs 
systems might result in a competit ive advantage for the 
manufacturing  organization. Following this approach allows a 
company to control and optimize the design of all parts 
(physical and non-physical) o f the system relative to one 
another. Hence, the organization keeps control over 
technology and data as well as future system developments. 
Producers of system components are restricted from accessing 
a closed system or are required to license the right to integrate 
their products into it. For instance, analytical capabilities 
could be provided by an external IT service provider that is 
specialized on analyzing industrial data in a dedicated branch.  
In contrast to this, an open system enables end customers to 
assemble and customize dedicated parts of the solution. 
Equipment manufacturers, third  party service organizat ions or 
even competitors are invited to interface with the system and 
contribute to change the system depending on their needs. 
Parts of the CPSs might originate from different 
organizations, e.g., the product can be produced by the 
manufacturer, equipped with a sensor network and 
connectivity from a special third party entity. Standardized  
APIs and well-documented interfaces enable key clients, lead 
users or software vendors to develop system interfaces and 
applications to optimize the operation and servicing of the 
equipment more efficiently and generate functional 
affordances for involved stakeholders.  
For industrial p roduct manufacturers, it  becomes highly  
relevant to team up with p layers  having sound expert ise in  
equipping products with sensor technology and connectivity. 
Furthermore, strategic partnerships with software companies 
become a key asset to effectively exp loit  cyber-physical 
systems. In a nutshell, effective value co-creat ion becomes a 
key success factor for effect ively exp loit ing the full potential 
of cyber-physical systems. 
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5.2. Impact on the product operators 
Product operators are interested in flawless product 
operations. With traditional products, digitalization and CPSs 
are seen as opportunities for min imizing equipment downtime 
and driving operational efficiency.  
With an open system approach, operators might be able to 
technically integrate the equipment or machinery in  their 
existing systems landscape to benefit from the sensor data 
themselves. As an example, the airport operator that was part 
of this research is highly interested in connecting all kinds of 
equipment such as air-conditioning, lighting and passenger 
transportation (i.e . elevators and escalators) to a centralized  
facility management system. As a result, the airport  operator 
could control the equipment dynamically based on flight 
schedules. This scenario would also be conceivable with 
industrial robots and factory automation in the automotive 
industry.  
5.3. Impact on the service organizations 
For service organizations, industrial CPSs are a valuable 
tool for increasing internal service efficiencies and driv ing 
service innovation. With traditional products , service 
organizations are notified by product operators in case of a 
breakdown. Due to media breaks, often no information was 
exchanged on the actual failure – just a notification that a 
breakdown happened. Equipping industrial products with 
sensors helps to get notified  by the product itself about a 
breakdown.   
With CPSs, service organizations have new technological 
capabilit ies to provide advanced service offerings. An 
example could be performance contracting, where a service 
organization is responsible for the availability and smooth 
operation of an industrial machine.  However, a  shift is taking 
place: With servitizat ion, manufacturers of industrial products 
often have dedicated service organizat ions for offering service 
to their clients. Those service organizations of manufacturers 
now get an additional competitive advantage as they not only 
have the expertise of the products relevant for the service but 
also have access to operational product data. This data is 
becoming more and more important for realizing operational 
efficiencies in the service business. In sum, the market  
position of manufacturers providing service is strengthened 
with CPSs as operational data becomes a key competitive 
factor in the service business.  
6. Conclusion 
CPSs are transforming the service business in 
manufacturing and offer new opportunities for business 
innovation in the servitized manufacturing industry. Based on 
11 explorat ive case studies with manufacturers, service 
organizations and equipment, we exp lore how CPSs transform 
the service business in the equipment manufacturing industry. 
We identify service affordances and investigate the impact of 
CPSs on various stakeholders in the industrial service 
ecosystem. 
However, this research is subject to some limitations. First, 
the case study approach could be identified as a limitation of 
this study. Generalizat ion of results could be enhanced by 
investigating more cases in different industries.  
Nonetheless, this work presents an important step for 
understanding the impact of CPSs on industrial services. For 
practitioners, this research provides valuable insights on the 
affordances of CPSs for the service business and how to 
exploit  the new technological capabilities most effect ively. 
For scholars, this work provides the first exp lorative insights 
into challenges and affordances related with leveraging CPSs 
for industrial service offerings , and serves as a foundation for 
further research on CPSs and the industrial service business. 
Further research is needed to derive a comprehensive 
taxonomy of service scenarios of CPSs in an  industrial 
context.  
Appendix A. Interview Guideline (extract) 
A.1. General Information  
1. Name, position, background and career path, 
responsibilities of interviewee. 
2. Background information of organizational entity. 
A.2. Field Service Characteristics  
3. What are current trends in the service business of 
your industry? 
4. What are current challenges in the service business? 
5. Taking a process perspective, what do typical service 
processes look like? Please describe the individual 
process steps and key stakeholders. 
A.3. Leveraging Cyber-Physical Systems for the Service 
Business 
6. How is the Internet of Things (IoT), sensors and 
Machine-to-Machine (M2M) communication 
currently leveraged within the context of your 
organization? 
7. Can you think of use cases of the service business 
that benefit from (real-time) sensor data about the 
installed base?  
8. What is the impact of CPSs on the service ecosystem 
in your industry? 
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